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Table S1. Thermodynamic property data for high-nitrogen containing Bishomocubane in the
standard Chemkin format

THERMO ALL
200.000 1000.000 6000.000
DADMBHC IND 14C 12H 140 ON 6G 200.000 6000.000 1000.0

3.61224950e+01 5.09210740e-02-1.79840350e-05 2.84680410e-09-1.66893490e-13
8.59382850e+04-1.69194080e+026.84911150e+00 2.61471170e-02 2.66545730e-04

-3.93900380e-07 1.66024470e-10 9.39559630e+04 5.62255040e+00

DTetzBHC IND 14C 12H 120 ON 8G 200.000 6000.000 1000.0
6.92175300e+01 9.56938840e-02-3.38028790e-05 5.35221010e-09-3.13847010e-13
1.38155400e+05-3.51021480e+02 1.03568280e+01 4.39155450e-02 5.48547730e-04

-8.06757430e-07 3.39968880e-10 1.54299080e+05 6.80376690e-01

DPTrizDMBHC IND 14C 28H 260 ON 6G 200.000 6000.000 1000.0
6.92175300e+01 9.56938840e-02-3.38028790e-05 5.35221010e-09-3.13847010e-13
1.38155400e+05-3.51021480e+021.03568280e+01 4.39155450e-02 5.48547730e-04
-8.06757430e-07 3.39968880e-10 1.54299080e+05 6.80376690e-01

DTetzDMBHC IND 14C 14H 160 ON 8G 200.000 6000.000 1000.0
4.41842890e+01 5.99421310e-02-2.12392080e-05 3.36984320e-09-1.97885670e-13
1.23550840e+05-2.16977040e+02 8.69570780e+00 3.69242360e-03 4.15924510e-04
-5.86290850e-07 2.43980150e-10 1.33815500e+05 6.17377850e-01

END

D WOWNDEFE D WNED®WDNDE WD

Table S2. Computational time required for selected molecular structures with job running on 4
processors in parallel(Processor specifications: Intel Xeon E5450 Quad-Core 3.0 GHz)

Computational time (hours)

Structure / Species  B3LYP/6-31G(d,p) B3LYP/6-311G(d,p) ~ B3LYP/6-31+G(d,p) B3LYP/6-31++G(d,p) ~ MO062X/6-31+G(d,p)

DTetzDMBHC 0.4 0.8 15 2.6 2

DPTrizDMBHC 24 4.4 19.8 37 28.3
8 - - - 1.3 -
17 - - - 134.6 -
18 - - - 132.9 -
16 - - - 147.5 -




Table S3. Atomic coordinates for the optimized structure of DADMBHC?2obtained using the
B3LYP/6-31++G(d,p) level of theory

Atomic

No. symbol X Y z
1 c 1.00342300 0.63661400 0.29854000
2 c 0.73826600 -0.93776800 0.32936800
3 c 169178000 0.88578800 -1.09096900
4 c 2.13711600 -0.56213300 -1.43033500
5 c 2.24310700 0.45185000 1.26081400
6 H 2.21002600 0.90127100 2.25731600
7 c 3.46069300 0.62609700 0.31256100
8 H 1.03593200 1.34680400 -1.83253600
9 H 4.43925700 0.76900200 0.77539900
10 H 2.57253500 -0.67717900 -2.42676400
11 c 2.15395200 -1.06852400 0.96450600
12 c 3.12595400 -0.81285200 -0.24324000
13 H 2.38197300 -1.86022300 1.68326500
14 H 3.93462200 -1.52123700 -0.43350200
15 c 3.00421400 161647300 -0.76087700
16 c 0.90316100 -1.42147600 -1.11531000
17 H 0.04412000 -1.18798100 -1.75282500
18 H 110166200 -2.50016600 -1.16739300
19 H 2.85466900 2.62908500 -0.36590100
20 H 3.67759600 1.67784500 -1.62411200
21 c -0.05015300 1.64784400 0.71086400
22 c -0.37792900 -1.50558400 1.17642000
23 H 0.43851300 2.61536700 0.89180400
24 H -0.25472200 -2.59591900 1.24693500
25 H -0.32902700 -1.10320900 2.19926900
26 H -0.53817800 1.34725800 1.64623500
27 N -1.05728000 1.84783700 -0.36348800
28 N -2.23488000 1.88769100 -0.00707100
29 N -3.35747000 1.94233000 0.20304300
30 N -2.65960200 -1.79711900 108187500
31 N -3.61024600 -2.30777200 1.45826100
32 N -1.70684300 -1.18612800 0.58880000




Table S4. Atomic coordinates for optimized structure of DTetzBHCS5 obtained using the
B3LYP/6-31++G(d,p) level of theory

Atomic

No. symbol X Y z
1 c -0.70051000 0.43137400 -0.04768300
2 c -0.16474700 -1.06755800 0.24400200
3 c -1.95671900 0.57557700 0.87734800
4 c -2.23701200 -0.91978400 1.18145100
5 c -1.31794900 -0.06986500 -1.41173600
6 H -0.91156300 0.34013500 -2.33653900
7 c -2.83752000 -0.12605200 -1.09936900
8 H -1.79374800 1.20259200 1.75603100
9 H -3.51717700 -0.21842800 -1.94864400
10 H -3.04069700 -1.08772100 1.90334100
11 c -1.09776800 -1.51984900 -0.90974000
12 c -2.53173700 -1.43300800 -0.26854600
13 H -0.83173200 -2.36400700 -1.54603500
14 H -3.19895400 -2.29390300 -0.34259000
15 c -3.09188900 0.98469300 -0.07717500
16 c -0.86271700 -1.49779000 154138900
17 H -0.42168300 -1.04975300 2.43766400
18 H -0.86216500 -2.58897300 1.65362900
19 H -2.96328100 1.98770000 -0.50133400
20 H -4.07679900 0.93059500 0.40171500
21 N 112338600 1.81432000 -1.08150700
22 N 1.83416800 2.85611900 -0.73201200
23 N 1.86693000 -1.91329000 -0.93277400
24 N 3.14681500 -1.87943600 -0.57668600
25 N 1.38691400 3.20283700 0.46844800
26 N 3.38139500 -1.31254200 0.60054200
27 c 0.25501800 156312000 -0.05646200
28 c 1.28872500 -1.31995400 0.11313100
29 N 0.40726100 2.43975500 0.93941700
30 N 2.20887000 -0.95107700 1.05440100
31 H 1.76774400 3.98720300 0.98136100
32 H 3.88883700 -2.24766200 -1.15705700




Table S5. Atomic coordinates for optimized structure of DPTrizDMBHC3 obtained using the
B3LYP/6-31++G(d,p) level of theory

" S x Y z
1 Cc 2.04633700 0.56700600 0.84805500
2 C 1.83777300 -0.87919900 0.17740000
3 C 2.29938300 1.51557200 -0.37972600
4 Cc 2.66069400 0.47066500 -1.46713500
5 C 3.51849100 0.15564600 1.25456400
6 H 3.76534900 0.08720800 2.31756800
7 C 4.40451500 0.93421200 0.24342500
8 H 1.45791800 2.16132300 -0.63421700
9 H 5.47120500 1.00437200 0.46504300
10 H 2.78425000 0.89275600 -2.46793700
11 Cc 3.38182500 -1.05257500 0.29789600
12 C 3.95760100 -0.13020500 -0.83408900
13 H 3.82214800 -2.03862800 0.47011300
14 H 4.69036800 -0.53871500 -1.53261300
15 C 3.63335900 2.21636500 -0.07531000
16 Cc 1.59190600 -0.62175400 -1.31478500
17 H 0.58495000 -0.25500300 -1.54467200
18 H 1.79390600 -1.51196000 -1.92612000
19 H 3.57415200 2.90812800 0.77200000
20 H 4.02278700 2.76175600 -0.94298100
21 Cc 1.18061500 1.12629700 1.98842000
22 Cc 1.08303900 -1.99324100 0.88886900
23 H 1.81739900 1.72938100 2.64165500
24 H 1.38297600 -2.95352700 0.45288500
25 H 1.33605000 -2.02586400 1.95207300
26 H 0.74464000 0.32627600 2.59277000
27 N 0.09361600 2.01898500 1.58642200
28 N 0.35318800 3.33667700 1.41062900
29 N -0.75118800 3.90759600 1.01873100
30 N -1.07998500 -1.61348900 1.95056000
31 N -2.34945500 -1.67939300 1.65155200
32 N -0.37961800 -1.93337500 0.84086400
33 C -1.20490600 1.74902000 1.30238300
34 C -1.22100300 -2.22116900 -0.18313700
35 Cc -1.74822700 2.97119900 0.93492200
36 C -2.49404700 -2.05341800 0.34160600
37 Cc -3.81352000 -2.22290700 -0.28406500
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-1.67174400
-0.07577500

1.58023300
-2.25244900
-2.30598500
-1.45694100

0.55059400
-3.32719400
-1.90950600

0.52390200

0.22729600

0.41596300
-0.16726500

0.31095300

0.02182200
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-0.27220200
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-0.57928900

1.42492000
-1.15360800




DADMBHC DTetzBHC

@

DPTrizDMBHC

Figure S1. Molecular structures of BHC-based compoundsobtained using the B3LYP/6-
31++G(d,p) level of theoryalong with the atom numbering scheme.
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Table S6. Comparison of selected bond lengths among high-nitrogen containing
bishomocubanes(molecular structures obtained using the B3LYP/6-31++G(d,p) level of theory
are shown above for ready reference)

Bond length (A)

Bond DADMBHC 2 DTetzBHC 5 DPTrizDMBHC 3
Cc1-C2 1.5969 1.6183 1.6077
C1-C3 1.5706 1.5667 1.5720
C1-C5 1.5802 1.579 1.5817
c1-c21 1.5174 - 1.5371
C2-Cl11 1.5571 1.5512 1.5584
C2-C16 1.5324 1.5348 1.5341
C2-C22 1.5119 - 1.5221
C3-C4 1.5524 1.5515 1.5508
C3-C15 1.5380 1.5385 1.5373
C4-C12 1.5652 1.5661 1.5633
C4-C16 1.5363 1.5337 1.5359
C5-C7 1.5531 1.5524 1.5536
C5-C11 1.5515 1.5501 1.5472
C7-C12 1.5785 1.5786 1.5792
C7-C15 1.5302 1.5308 1.5298

C11-C12 1.5712 1.5732 1.5696
(Chtethy—N azo)1 1.4861 - 1.5371
(Cutetny~Nazo)2 1.4877 - 1.5221

(CeageCret)1 — 1.4812 -
(Ccage*CTetz)z - 1.4810 —
(Cwethy—Nrriz)1 - - 1.4629
(Cwmetny—Nrriz)2 - - 1.4647




Table S7.

Comparison

of selected bond angles
bishomocubanes(molecular structures obtained using the B3LYP/6-31++G(d,p) level of theory)

among high-nitrogen

containing

Value (°)
Angle -
DADMBHC DTetzBHC DPTrizDMBHC

C2-C1-C3 104.2574 104.1397 103.7607
C2-C1-C5 90.1852 89.4921 89.6565
c2-c1c21 122.4452 - 124.313
C3-C1-C5 102.3258 103.0467 101.9959
Cc3-Cc1-c21 116.0389 - 116.778
C5-C1-C21 117.2037 - 115.3516
Cl-C2-C11 86.5429 86.381 86.5195
C1-C2-C16 105.9706 105.1562 105.9972
Cl-C2-Cc22 120.2444 - 121.8506
Cl1-C2-C16 105.0821 105.8705 104.6357
C11-C2-C22 114.2773 - 111.9441
Cl16-C2-C22 119.2802 - 119.8685
Cl1-C3-C4 99.8554 99.8967 100.2875
C1-C3-C15 105.0406 104.4637 105.0754
C4-C3-C15 104.196 104.1582 104.1134
C3-C4-C12 99.4878 99.6932 99.6905
C3-C4-C16 104.2684 104.3205 104.3336
Cl12-C4-C16 105.2069 105.2128 105.2932
C1-C5-C7 103.3043 102.7348 103.4861
C1-C5-C11 87.3175 87.8012 87.8203
C7-C5-C11 92.20 92.2936 92.2519
C5-C7-C12 86.9306 86.9191 86.8414
C5-C7-C15 105.489 105.7096 105.5536
Cl12-C7-C15 106.245 106.3492 106.2665
C2-C11-C5 92.7429 93.0703 92.777
C2-C11-C12 103.6054 103.2391 104.0227
C5-C11-C12 87.2371 87.1849 87.3995
C4-C12-C7 104.774 104.6209 104.5971
C4-Cl12-C11 102.6042 102.9387 102.3331
C7-C12-C11 90.5082 90.4444 90.448
C3-C15-C7 95.6032 95.6661 95.5442
C2-Cl16-C4 95.9222 95.9391 95.9881




Current Data Parameters
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Current Data Parameters
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Current Data Parameters
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Current Data Parameters
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Fig. $7.2C-APT NMR Spectrum of DPTrizDMBHC3
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Current Data Parameters
NAME inn-sohan-125-1h
EXPNO 5
PROCNO 1
=N

F2 - Acquisition Parameters
Date_ 20150427
Time 18.08 QN
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30 4
TD 65536
SOLVENT CDC13
NS 15
DS 2
SWH 10000.000 vvvvvvvvvvvvvvvvvvv
FIDRES 0.152588 Hz 23 ppm
AQ 3.2767999 sec .
o 5007 32 31 . 2.7 ppm
DW 50.000 usec Te
DE 6.50 usec o
TE 298.1 o
D1 1.00000000
TDO 1
======== CHANNEL fl ========
SFO1 500.1330885 MHz
NUC1 1H
Pl 13.00 usec
PLW1 13.00000000 W
F2 - Processing parameters
SI 65536
SF 500.1300120 MHz
WDW EM / / [ f /[ /
SSB 0
LB 0.30 Hz
GB 0
EC 1.00 19 18 17 ppm

~ — N~

o o o

— — o

1
L e B B B B I 5 B S B I
95 90 85 80 75 70 65 6.0 5.5 50 45 40 35 30 25 2.0 15 1.0 0.5 ppm

(oo
o]} fe)]

Nf=}{=)

g

0] ([~
ol IHl-dlo

Fig. $8."H NMR Spectrum of DCBHC 4
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o M
— O n o < OSSO ONOMO
0o~ < N O O OMMN—dO—ANO
— N~ I~ O < 00O O MANN 00
Current Data Parameters — N~~~ OIS ITIITIITITIITIITO
NAME inn-sohan-125-13c
EXPNO 8
PROCNO 1 —N
—
F2 - Acquisition Parameters
Date_ 20150427 —~
Time 18.30 N
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30 4
TD 65536
SOLVENT CDC13
NS 131
DS 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 197.27
DW 16.800 usec
DE 6.50 usec
TE 298.7 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
125.7703637 MHz
13C
8.90 usec
103.00000000 W
======== CHANNEL f2 ========
SFO2 500.1320005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 80.00 usec
PLW2 13.00000000 w
PLW12 0.34327999 W
PLW13 0.21969999 W
F2 - Processing parameters
SI 32768
SF 125.7577919 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

T T I I I I I A I N I I I I B
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Fig. $9.1*C NMR Spectrum of DCBHC 4
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Current Data Parameters

(o2
NAME inn-sohan-125-apt — O n O AT ONOT OO
EXPNO 9 0~ < N O O OMNMMNMNTAOOANAO
PROCN ] i AR T
oene — ~ I~ © TOOOWMOMANNA 0
F2 - Acquisition Parameters — N~~~ LT ITITTITITTTITTO
Date_ 20150427
18.35
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG jmod
™D 65536
SOLVENT CcDC13 — N
NS 160 —
DS 4
sw 29761.904 Hz
FIDRES 0.454131 Hz
aQ 1.1010048 sec ~
RG 197.27
oW 16.800 usec =N
DE 6.50 usec
TE 298.8 K
CNST2 145.0000000
CNST11 1.0000000 4
D1 1.00000000 sec
D20 0.00689655 sec
DO 1
= CHANNEL f1 ==

125.7721254 MHz
c

8.90 usec
17.80 usec
103.00000000 W

= CHANNEL f2 ==
500.1320005 MHz

80.00 usec
13.00000000 W
0.34327999 W

F2 - Processing parameters
SI 32768

SF 125.7577917 MHz
WDW EM
55B 0

LB 1.00 Hz
GB 0

PC 1.40

B I I I I I A I I N I N R IR R
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Fig. $10.”C-APT NMR Spectrum of DCBHC 4
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Current Data Parameters
NAME INN-SOHAN-130-1H N::N
EXPNO 5 \
PROCNO 1 \ _NH
F2 - Acquisition Parameters N
Date 20150506 N<
Time 16.13 2 NH
INSTRUM spect ”\Il
PROBHD 5 mm PABBO BB- 5 -
PULPROG 2930
TD 54274
SOLVENT MeOD
NS 16
DS 0
SWH 8223.685 Hz
FIDRES 0.151522 Hz
AQ 3.2998593 sec
RG 32
DW 60.800 usec
DE 6.50 usec
TE 299.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 14.75 usec T T T T T R e Ly ML LA i) LA LA LR LML) ALY R M
PL1 -1.00 dB
PL1W 10.56200695 W 2.0 1.8 1.6 ppm 36 35 34 33 32 31 3.0 29 28 2.7 2.6 ppm
SFO1 400.1324710 MHz
F2 - Processing parameters X 9 3 S Q| RBIR o 5
SI 32768 H H : H s il H :
SF 400.1300077 MHz - - - - e Nje| - -
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
I I L N B |
9.5 90 85 80 7.5 70 65 6.0 55 50 45 40 35 30 25 20 1.5 1.0 0.5 ppm
— o[M[oo(o(W|W]]|r~ [ce] 0] (2]
o oIt |NH[O(N|[H O O o
gS fﬁo o oﬁri — | —i

Fig. S11.'H NMR Spectrum of DTetzBHC 5
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N~ oM
Current Data Parameters
NAME INN-SOHAN-130-13c ™ N M ATOO0OMOUOITNAO A0 O O
Exzno 18 @~ OYINNUWLNFTONINO DSOS
PROCNO B 0o OO ITOOO OO 0L LW ANNN
F2 - Acquisition Parameters — LT ITITITITIITIIIITITITITO
Date_ 20150506
Time 17.21
INSTRUM spect.
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
TD 65536
SOLVENT MeOD 0OMOU <t N -
o o WMo M~ N=N
SWH 26041.666 Hz OO O O 00 \
FIDRES 0.397364 Hz AN N S R~ N N o N
AQ 1.2582912 sec _NH
RG 2050 N
bW 19.200 usec
DE 6.50 usec N<
E 300.0 K 7 H
D1 1.00000000 sec |
D11l 0.03000000 sec _
TDO 1 5 =N
======== CHANNEL fl ========
NUC1 c
Pl 8.50 usec
PL1 -2.00 dB
PL1W 56.53121948 W
SFO1 100.6238364 MHz
HANNEL f2
CPDPRG[2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 -1.00 dB
PL12 13.69 dB
PL13 14.50 dB
PL2W 10.56200695 W
PL12W 0.35871249 W
PL13W 0.29767781 W
SFO2 400.1316005 MHz
F2 - Processing parameters
ST 32768
SF 100.6126222 MHz
WDW EM
SsB 0 — 7 T T T T
1B 1.00 Hz T T T
GB 0
pC 1.40 49.5 49.0 ppm

| y

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Fig. $12.3C NMR Spectrum of DTetzBHC 5
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Current Data Parameters

NAME INN-SOHAN-130-APT M ATONMNOLMNMANAND DO O
OINRNLN®MAIONDOARE 00
FrOCNO ' OUTOHOHO OO 00 0LWLWNNN
F2 - Acquisition Parameters LLLTITITITIITIITIITIIITIITIITIITIITO

_—158.37
T>-157.23

Date_ 20150506

Time 17.39

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG jmod

™ 65536

SOLVENT MeOD

NS 256 N:N
DS 4 \
SWH 24038.461 Hz

FIDRES 0.366798 Hz N\ NH
AQ 1.3631488 sec N’
RG 2050

oW 20.800 usec N

DE 6.50 usec ~
TE 300.0 K 74 NH
CNST2 145.0000000 |
CNST11 1.0000000

D1 1.00000000 sec N:N
D20 0.00689655 sec 5

TDO 1

== CHANNEL f1

8.50 usec

17.00 usec

-2.00 dB
56.53121948
100.6228298 MHz

=

== CHANNEL f2 ==

usec
.00 dB

) 13.69 dB

PL2W 10.56200695 W

PL12W 0.35871249 W

SFO2 400.1316005 MHz

F2 - Processing parameters

s1 32768

SF 100.6126223 MHz

WDW EM

5SB 0

LB 1.00 Hz

GB 0

PC 1.40

L I I A A AR AR
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 0 ppm

Fig. $13.°C-APT NMR Spectrum of DTetzBHC 5
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